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The views and opinions expressed in the presentation are those of the 

presenter based on knowledge and best understanding of prevailing 

regulatory scenario. Should it at any point in time contravene, in 

which case the guideline and the official status shall prevail 

Disclaimer
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• Increasing complexity and precision of 

some manufactured products led to the 

requirement for contamination control 

techniques

• First HEPA filter designed in the 1940's by 

R&D firm Arthur D. Little under a 

classified USA government contract as 

part of the Manhattan Project, where the 

first atomic bomb was developed during 

World War II.

History of Cleanroom

http://www.c-vac.com/history.html
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• HEPA a major advancement in air filtration technology – solved a critical

need to control very small particles which had become contaminated by

nuclear radioactive sources.

• Next 50 years HEPA filtration gradually evolved – Technological

breakthroughs in aerospace, pharmaceutical processing, photographic film

manufacturing, data processing and micro-electronics demanded higher and

higher levels of air cleanliness.

Some of the biggest achievements of mankind – lunar landing, silicon chip,  safe drug products 

could not have been possible without the HEPA filtration

History of Cleanroom
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• Cleanrooms are typically used in scientific research and manufacturing to

provide a controlled environment for handling sensitive components and

samples.

• Cleanrooms are constructed in a way to minimize particles from being

introduced, generated or retained inside the room.

• The higher the level of cleanliness, the lower the particles inside the room.

Cleanroom
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Cleanroom

Early types of cleanroom were 

non-unidirectional airflow (or 

turbulent airflow) cleanrooms

The Micronclean Cleanroom Handbook, Neil Clayton Tim Eaton
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Cleanrooms are typically classified as ISO 5 or ISO 6

Cleanroom
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CLASS
NUMBER OF PARTICLES PER m3 BY µm SIZE

0.1 µm 0.2 µm 0.3 µm 0.5 µm 1.0 µm 5.0 µm

ISO 1 10 2 -- -- -- --

ISO 2 100 24 10 4 -- --

ISO 3 1,000 237 102 35 8 --

ISO 4 10,000 2,370 1,020 352 83 --

ISO 5 100,000 23,700 10,200 3,520 832 29

ISO 6 1,000,000 237,000 102,000 35,200 8,320 293

ISO 7 -- -- -- 352,000 83,200 2,930

ISO 8 -- -- -- 3,520,000 832,000 29,300

ISO 9 -- -- -- 35,200,000 8,320,000 293,000



• Developments in modern health-care products – led to the global use of

closely-controlled and regulated Pharmaceutical and Biomedical cleanroom

manufacturing facilities.

• Pharmaceutical cleanrooms not only provide control of environmental

particulates and fibres but also have additional emphasis on the monitoring

and control of microbiological contamination.

Such facilities also incorporated aseptic techniques & sterilisation processes, developed since the 

early 1900’s within hospital operating theatres & pharmaceutical cleanrooms.

Cleanroom
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• A cleanroom is designed, constructed and maintained to provide a

production environment that minimizes the possibility of product

contamination.

• The type of product & the degree of control required to protect the product

are the factors in determining cleanroom specifications.

• In general, simple room shapes allow for effective airflow patterns and

cleaning thus, usually cleanrooms are box-shaped with no or as less as

possible obstructions.

Cleanroom
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• A cleanroom primarily controls: (a) the introduction and entry of particles,

and (b) the generation and retention/ removal of particles within the room.

• High volumes of filtered air supplied to the cleanroom that helps: (a) dilute

& remove contamination, and (b) pressurizing it to prevent the entry of less

clean air from adjacent areas.

Cleanroom
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Cleanroom

The Micronclean Cleanroom Handbook, Neil Clayton Tim Eaton

Turbulent airflow cleanroom Unidirectional airflow cleanroom
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Cleanroom
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Cleanroom
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Cleanroom
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Cleanroom
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• The transfer of contaminants into a zone protecting a process and/or

personnel prevented by using:

(a) Aerodynamic Measures - Arrangement & Flow Direction

(b) Physical Barriers – Active and Passive Isolation (if any contact between

product and operator/ environment is to be prevented)

• Where required, process exhaust treated to prevent contamination of

outdoor environment.

Cleanroom
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Cleanroom
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Cleanroom
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Cleanroom
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Cleanroom
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• The cleanroom constructed with materials that:

(a) do not generate particles

(b) can be effectively cleaned to remove deposited contamination.

• Personnel entering & working in cleanroom are the biggest source of

particulate contamination and are required to wear appropriate cleanroom

clothing to minimise this risk.

• Even the cleanest of people are naturally contaminated. Our bodies are

natural host to unwanted bacteria, along with the shedding of skin cells, hair

and exhale of bio-organisms.

Cleanroom
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Cleanroom
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• Non-filtered air varies greatly from location to location and also varies over

the course of time.

• Enormous quantity of particulate matter are generated by natural events

and human activity – source & size varies

• Most of these particles are invisible to the unaided eye and as microscopic

particles remain suspended in air, or fall slowly under gravity, they can travel

great distances.

Cleanroom
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Cleanroom

Particle Measurement System “Beginner guide to particle technology”

Common particles & their relative sizes

Settling distance in air
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• Achieving & maintaining particulate free & sterile manufacturing 

environment is not possible

• In any environment where human operators are present microbial 

contamination cannot be completely eliminated

• Highest levels of cleanroom design and best aseptic practices is not a 

guarantee for completely eliminating particulates/ microorganisms shedding 

into the cleanroom environment by human operators 

Limitation
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Limitation

USP <1116>, “an expectation 

of zero contamination at all 

locations during every aseptic 

processing operation is 

technically not possible and 

thus is unrealistic”
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In Europe, knighthood was 

conferred upon mounted warriors. 

Knighthood had become associated 

with the ideals of chivalry, a code 

of conduct for the perfect courtly 

Christian warrior. Often, a knight 

was a vassal who served as an elite 

fighter, a bodyguard or a 

mercenary for a lord, with payment 

in the form of land holdings. The 

lords trusted the knights, who were 

skilled in battle on horseback.
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A well designed gowning room and strict 

gowning procedure must be followed in order 

to maintain a cleanliness classification

Controls

https://www.e-s-c.com/wp-content/uploads/2018/03/Cleanroom_Gowning_Poster_Class_8.pdf
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Depending on the cleanroom classification and application, the gowning as well 

as the procedure may vary

Controls
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https://www.e-s-c.com/wp-content/uploads/2018/03/ESC_Cleanroom_Recommended_Garment_Use.pdf



Controls
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https://www.e-s-c.com/wp-content/uploads/2018/03/ESC_Cleanroom_Recommended_Garment_Use.pdf



Before the aseptic processing technology evolution;

Horribly contaminated humans, shedding clouds of particles roamed 

controlled spaces, invading sterile products manufacturing processes

Gowning, booting and hair-netting the contaminated helped tame the beasts 

and manage the risk;

But their presence could not be denied… that is until now…

Advancement in the last 10 years in aseptic processing equipment;

Has armed the pharmaceutical manufacturers with the defensive systems

Future is creating a true “No Man’s Land” 

Where human intervention and its risk are banished forever

Heuristic Perspective
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• Parenteral products manufacturing requires a controlled and validated clean 

production environment. If the terminal sterilisation of the final product is not 

possible, aseptic manufacturing is the only alternative

• In aseptic production, product exposure to the environment during different 

stages of the manufacturing process cannot be avoided. Aseptic 

manufacturing of sterile products requires a high level of contamination 

control

• Biggest risk factor in sterile manufacturing is personnel. People tend to shed 

like hair, skin cells, saliva, sebaceous matter, sweat, particles from clothing and 

exogenous particles and substances into the cleanroom

Heuristic Perspective
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• Adequate cleanroom garments, as well as undergarments, are critically 

important to reduce the risk of contaminating the environment or products

Heuristic Perspective
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Regulatory Perspective

USA, 21 Code of Federal Regulations, Part 210
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Regulatory Perspective

USFDA, Guidance for Industry Sterile Drug Products

Produced by Aseptic Processing — Current Good Manufacturing Practice
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Regulatory Perspective

The Rules Governing Medicinal Products in the European Union, Volume 4 – EU Guidelines for

Good Manufacturing Practice for Medicinal Products for Human and Veterinary Use Part 1, Chapter 2: 

Personnel
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Regulatory Perspective

EudraLex, The Rules Governing Medicinal Products in the European Union, Volume 4, EU Guidelines to

Good Manufacturing Practice, Medicinal Products for Human and Veterinary Use, Annex 1

Manufacture of Sterile Medicinal Products
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Regulatory Perspective

Depending on the jurisdiction, aseptic production of sterile medicines must

meet various regulatory requirements, such as those set out in:

• Annex 1 of the EU Guidelines to Good Manufacturing Practice

• US Food and Drug Administration (FDA) Guidance for Industry on sterile drug

production

• Japanese Guidance on the Manufacture of Sterile Pharmaceutical Products by

Aseptic Processing
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Regulatory Perspective

Current EU-GMP guidelines require:

• The use of sterilised or adequately sanitised garments for grade A/B areas

• A written procedure for changing and washing that is designed to minimise

contamination of clean area clothing or carry-through of contaminants to the

clean areas

• Reusable garments are required to be cleaned and handled in a way that the

garment does not gather additional contaminants that can be shed later
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Regulatory Perspective

The current EU-GMP Annex 13 for the Manufacture of Sterile Medicinal Products

includes:

• Little guidance on cleanroom garment qualification, except that it needs to be

"appropriate“

• Reusable garments should be replaced based at a set frequency determined

by qualification”
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Regulatory Perspective

New draft EU-GMP Annex 14, published for consultation in December 2017:

• Explicitly introduces the application of QRM principles

• Provides more details on gowning, including the requirement that gowning is

part of a holistic contamination control strategy

• Requires that garments must be sterile and visually checked for cleanliness

and integrity

• Requirement that "reusable garments should be replaced based at a set

frequency determined by qualification or if the damage is identified”

This compels manufacturers to produce data regarding the effect of 

reprocessing on the fabric and the overall garments
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Regulatory Perspective
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Regulatory Perspective
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Risk Factors with Cleanroom Garments Include:

• Gowning Procedures & Processes

• Qualification (Garment Design, Gowning Procedures & Processes)

• Laundering

• Packing

• Cleaning & Sanitization/ Sterilisation

• Inspection & Repairs

• Storage

• Handling and Logistics

Cleanroom Garments (Risks)
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Cleanroom Garments (Design & Qualification)
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Guidelines

• The ISO 14644-5: 2004 Annex B on cleanroom clothing requirements – can be

used to establish the user requirements specification (URS)

• The ISO 13408-1: 2008 includes some general requirements on cleanroom

garments for aseptic processing, but does not provide much guidance on

cleanroom garment system qualifications

• IEST-RP-CC003.4: 2013 provides guidance on design, selection, specification,

maintenance and testing of garment systems.

• IEST-RP-CC003.4: 2013, “Appendix B” proposes tests for assessments of

particle penetration and garment cleanliness. It is the most useful document

to support the qualifications of cleanroom garment systems.
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The Micronclean Cleanroom Handbook, Neil Clayton Tim Eaton

Turbulent airflow cleanroom Unidirectional airflow cleanroom
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Advancement & Future



Advancement & Future (Drivers)
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Isolator with Gloves

Contamination Risks - Operator Interventions, Glove Integrity Failure

Restricted Access Barrier

Contamination Risks - Operator Interventions, Glove Integrity Failure

Conventional Cleanroom (Grade A/B) 

Contamination Risks – Operator Interventions, Material Transfer

Enhanced 

Sterility 

Assurance

• Remove the Operator

• Remove the Gloves

Isolator with No Gloves & No Operator
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Isolator Robotic



Advancement & Future (Drivers)
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We See – Micro Lot Sizes



Advancement & Future (Drivers)
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We See – Micro Lot Sizes



Advancement & Future (Drivers)
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Business



Advancement & Future (Challenges)
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• Conservatism – Pharmaceutical Industry is Innately Conservative

• Mediocrity – Lack of Process Understanding Industry as well as regulators

• Wrong Benchmarking – Success in past regulatory inspection

• Wrong Perception – Regulatory Hurdle

• Reliability – Robotics, Automation, Components

• High Cost – Technology prohibitively expensive

• Components – Non-standard, not simple to use, variability

• Flexibility – Different components, batch sizes, components sizes

• Environmental Monitoring – Particularly microbiological



Summary & Conclusion
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• Contamination Control Technology – cleanroom design, construction, control,

management as well as gowning has matured

• Sterile Manufacturing Industry – evolving slowly and deliberately

• Transformation Phase – entering an era where a spate of legacy facilities will

be forced to modernize, in say next decade

• High Regulatory Expectation – concern regarding contamination & its impact

had never been so high

• Innovative Technology Available – high-end-technology to remove human

from the aseptic processing area is now available

• We are almost there…
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